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(54) Pyroelectric device. 

@ A pyroelectric device includes a pyroelectric 
member (1) for detecting infrared radiation, a 
transistor (2) whose gate electrode is connected 
to one of terminals of the pyroelectric member, 
a drain terminal (4) connected to a drain elec- 
trode of the transistor, a source terminal (5) 
connected to a source electrode of the transis- 
tor, a grounding terminal (6) connected to the 
other terminal of the pyroelectric member, and 
a gate resistor (3) connected between the termi- 
nals of the pyroelectric member. The gate resis- 
tor (3) used' in a pyroelectric device for a fire 
detection has a resistance ranging from 5 to 90 
giga ohms, and the gate resistor used in a 
pyroelectric device for an intrusion detection 
has a resistance equal to or less than 30 giga 
ohms. 
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BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION: , 

The present invention relates to a pyroelectric de- 
vice for detecting infrared radiation which is for use in 
a flame sensor for fire detection or in an intrusion de- 
tector used for prevention of crimes. 

. DESCRIPTION OF THE RELATED ART: 

Fig. 6 shows the structure of a conventional pyro- 
electric device. A casing includes a metal can 10 and 
a stem 11 welded to the can 10. The metal can 10 is 
hermetically sealed by a filter 9 made of silicon. Three 
pins 4, 5 and 6 respectively constituting a drain termi- 
nal, a source terminal and a grounding terminal pass 
through the stem 11. A printed-circuit board 12 is 
placed on and fixed to the upper end portions of the 
pins 4, 5 and 6 by soldering or the like to construct an 
electric circuit portion. 

In the electric circuit of the pyroelectric device, 
the source electrode of a field-effect transistor (here- 
inafter referred to as an FET), serving as a preampli- 
fier, is connected to one of electrodes of the pyroelec- 
tric member. In order to control the frequency charao' 
teristics of the sensitivity, a gate resistor is parallel- 
connected to the pyroelectric member. The electric 
time constant of the gate resistor determines the cut- 
off frequency in the low frequency band. Agate resis- 
tor having a high resistance of 100 to 200 giga ohms 
is used, and especially for detection of a human body 
the pyroelectric device . itself has a wider frequency 
characteristics. 

If a gate resistor having a resistance of, for exam- 
ple, 100 giga ohms is used, the sensitivity of the pyro- 
electric device with a response frequency character- 
istics curve of arch-form having a peak at about 0.5 
Hz is obtained. The'ftequency characteristics of the 
infrared radiation from a human body which are re- 
quired for an intrusion detector are peaked at about 
0.1 Hz. The frequency characteristics of a flame 
which are required for a fire alarm sensor are peaked 
at about 8 Hz. Thus, if the above-described response 
frequency characteristics peaked at about 0.5 Hz are 
employed for detection of a flame, t he peak of the out- 
put sensitivity cannot be obtained in the desired fre- 
quency band. 

Furthermore, where the ambient temperature of 
the pyroelectric device rapidly changes, the pyroelec- 
tric device may not be able to produce an output. That 
is, when the resistance of the gate resistor is high, the 
voltage applied to the pyroelectric member is low. 
Therefore, if the ambient temperature drops at a rate 
of, for example, 1 .4 °C/min, a nonsignal output state 
(a pinch-off state) is resulted. Changes in the ambient 
temperature may depend on the installation site of the 
sensor or detector. A detector which is in a nonsignal 



state causes a serious problem. 
SUMMARY OF THE INVENTION 

5 Accordingly, an object of the present invention is 

to provide a pyroelectric device having frequency 
characteristics suited for a fire alarm. 

Another object of the present invention is to pro- 
vide a pyroelectric device which is capable of stably 

10 detecting infrared radiation even when the ambient 
temperature changes. 

In order to achieve the above objects, there is 
provided a pyroelectric device for a fire detection 
which comprises a pyroelectric member for detecting 

is an infrared radiation, a transistor whose gate elec- 
trode is connected to one of terminals of the pyroelec- 
tric member, a drain terminal connected to a drain 
electrode of the transistor, a source terminal connect- 
ed to a source electrode of the transistor, a grounding 

20 terminal connected to the other terminal of the pyro- 
electric member, and a gate resistor connected be- ( 
tween the two terminals of the pyroelectric member, 
the gate resistor having a resistance of 5 to 50 giga 
ohms. 

25 Another aspect of the present invention lies in a 
pyroelectric device for an intrusion detection which 
comprises a pyroelectric member for detecting an in- 
frared radiation, a transistor whose gate electrode is 
connected to one of terminals of the pyroelectric 

30 member, a drain terminal connected to a drain elec- 
trode of the transistor, a source terminal connected to 
a source electrode of the transistor, a grounding ter- 
minal connected to the other terminal of the pyroelec- 
tric member, and a gate resistor connected between 

35 the two terminals of the pyroelectric member, the 
gate resistor having a resistance equal to or less than 
30 giga ohms. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 

Fig. 1 is a circuit diagram of a circuit of a pyroelec- 
tric device showing a first embodiment of the 
present invention; 

Fig. 2 illustrates a device for measuring the fre- 
45 quency. characteristics of the pyroelectric device; 

Fig. 3 is a graph showing the frequency charac- 
teristics of the pyroelectric device; 
Fig. 4 illustrates a device used to perform a tem- 
perature cycling test on the pyroelectric device; 
50 Fig. 5 shows the noise levels obtained when the 

pyroelectric device is subjected to the tempera- 
ture cycling test; and 

Fig. 6 is a cross-sectional view of a generally em- 
ployed pyroelectric device. 

55 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

An embodiment of the present invention will now 
be described with reference to Figs. 1 and 6. Fig. 1 is s 
a circuit diagram of a pyroelectric device according to 
the present invention. Fig. 6 is a schematic cross- 
sectional view of the pyroelectric device. Since the 
structure shown in Fig. 6 is the same as that of the 
conventional device, description thereof is omitted. 10 

In Fig. 1 , reference numeral 1 denotes a pyroelec- 
tric member made of PVDF or PZT; 2 denotes an FET 
whose gate electrode is connected to one of electro- 
des of the pyroelectric member 1 ; 3 denotes a gate re- 
sistor of FET 2 which is parallel-connected to the is 
pyroelectric member 1; 4 denotes a drain terminal 
connected to a drain electrode of FET 2; 5 denotes a 
source terminal connected to a source electrode of 
FET 2; 6 denotes a grounding terminal connected to 
the other electrode of the pyroelectric member 1 f the 20 
grounding terminal being also connected to the stem 
11 which is in turn connected to both the can 10 and 
the filter 9 to provide a shielding of the entire circuit; 
7 denotes a capacitor provided between the drain 
electrode of FET 2 and grounding line to stabilize a 25 
supplied voltage; and 8 denotes a capacitor provided 
between the source electrode of FET 2 and the 
grounding line to cut a high-frequency induced noise. 
Both capacitors 7 and 8 have a capacitance of about 
1 0 pF, and do not affect t he results of the experiments 30 
which will be described later. The provision of the ca- 
pacitors 7 and 8 may be eliminated. The electric circuit 
portion made up of FET 2, the gate resistor 3 and so 
on is placed on the printed-circuit board 12 in the cas- 
in 9- 35 

In the pyroelectric device arranged in the manner 
described above, as the intensity of infrared radiation 
received by the pyroelectric member 1 changes, the 
gate potential of FET 2 changes, generating a voltage 
to be detected between t he source terminal 5 and the 40 
grounding terminal 6. This voltage to be detected is 
connected to an electric circuit (not shown) where it is 
amplified by an amplifying circuit, compared with a 
reference value by a discrimination circuit, and then 
output as, for example, a fire signal. 45 

Fig. 2 shows the structure of a device for exam- 
ining the frequency response characteristics of the 
pyroelectric device. Reference numeral 13 designa- 
tes a light source for illuminating infrared radiation; 14 
designates a rotary chopper which is rotatable with a so 
fixed period to generate a desired frequency; 15 des- 
ignates a pyroelectric device to be tested; 16 desig- 
nates an AC coupled amplifier for electrically amplify- 
ing the output of the pyroelectric device 15; and 17 
designates a bandpass filter used to take out only the 55 
output corresponding to the rotation frequency. 

Fig. 3 shows the results of the examinations con- 
ducted regarding the response frequency character- 



istics of the pyroelectric device by using the device of 
Fig. 2. The abscissa axis represents the frequency 
(Hz) generated by the rotary chopper 14. The coor- 
dinate axis represents the output sensitivity (mV) of 
the pyroelectric device 1 5. Acurve A indicates the re- 
sponse frequency characteristics obtained when the 
pyroelectric member 1 is made of PVDF and the gate 
resistor 3 has a resistance of 100 giga ohms. A curve 
B indicates the response frequency characteristics 
obtained when the pyroelectric member 1 is made of 
PZT and the gate resistor 3 has a resistance of 100 
giga ohms. When the resistance of the gate resistor 
3 is 100 giga ohms, the output sensitivity is peaked 
at about 0.5 Hz independent of the material of the 
pyroelectric member 1. In that case, the pyroelectric 
member 1 still has a sufficient output sensitivity at 
about 8 Hz which is the peak of the frequency char- 
acteristics by a flame, and can thus be employed to 
detect infrared radiation emitted from both a flame 
and a human body. 

A curve C shows the frequency characteristics 
obtained when a gate resistor 3 having a resistance 
of 10 giga ohms is used. In the case shown by curve 
C. the sensitivity of the low frequency range is low- 
ered without reducing the sensitivity at about 8 Hz 
which is characteristic to a flame. A cut-off frequency, 
i.e., the peak value of the arch-form curve, fc is given 
by the following equation: 

fc = 1 / (2 n • c • Rg) 
where c is the sum of the capacitance of the pyroelec- 
tric member 1 and the input capacitance of FET 2, Rg 
is the resistance of the gate resistor 3, and n is the 
ratio of a circumference of a circle to its diameter. In 
the above-described equation, as the resistance Rg 
is reduced, the cut-off frequency fc increases. There- 
fore, the low frequencies can be cut off by reducing 
the resistance Rg. Hence, the resistance of the gate 
resistor 3 may be reduced to 5 giga ohms. In that 
case, however, the output sensitivity of the pyroelec- 
tric element 1 slightly deteriorates, although it is 
peaked at about 8 Hz. Thus, a further reduction in the 
resistance deteriorates the sensitivity and shifts the 
peak. The above-described characteristics of the 
pyroelectric member 1 are associated with the elec- 
tric properties of the pyroelectric member 1 and not 
affected by the material thereof. 

The resistance of the gate resistor 3 also affects 
the results of a temperature cycling test. Temperature 
cycling test is a test conducted to determine whether 
the pyroelectric device can produce a normal detec- 
tion signal after a temperature changing operation in 
which the temperature is changed cyclically from a 
high temperature to a low temperature at predeter- 
mined time intervals is repeated a few times. 

Fig. 4 shows a device used for temperature cy- 
cling test Mounting portions 22 are provided on a 
frame 21. A pyroelectric device to be tested is placed 
on each of the mounting portions 22. A heat insulating 
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cap 24 packed with a heat insulating material 23 cov- 
ers the side of the frame 21 which is located close to 
the light-receiving surface of the device. Signal lines 
25 are soldered to the pins of the pyroelectric devices 
which protrude from the mounting portions 22 to take 
out signals. The entire device shown in Fig. 4 is set in- 
side a temperature adjusting apparatus (not shown), 
such as a constant- temperature chamber. 

Fig. 5 shows the noise levels obtained when the 
pyroelectric devices were subjected to the tempera- 
ture cycling test which employed the device shown in 
Fig. 4. Pyroelectric devices in which the resistances 
of the gate resistor 3 were respectively 5 gig a ohms, 
10 giga ohms, 30 giga ohms, 50 giga ohms and 100 
giga ohms were tested. Two pyroelectric devices were 
tested for each resistance. In the test, the ambient 
temperature was changed in the range from -50°C to 
+50° C at an increasing rate of about 3.7°C/min and 
at a decreasing rate of about 1 .4 °C/min. 

As is clear from Fig. 5, when the gate resistor 3 
had a resistance of 50 giga ohms or 100 giga ohms, 
a complete pinch-off state occurred. In contrast, 
when the resistances of the gate resistor 3 were 10 
giga ohms and 30 giga ohms, the pyroelectric devices 
continued producing a signal, although the output 
was not so stable as in the case where the resistance 
of the gate resistor 3 was 5 giga ohms. 

In the circuit configuration of the present embodi- 
ment, when the resistance of the gate resistor 3 is 
large and when the temperature decreases relatively 
rapidly, electric charges accumulate on the pyroelec- 
tric member 1 temporarily, saturating FET 2. Conse- 
quently, a nonsignal output state occurs. This means 
that if the ambient temperature changes rapidly, the 
pyroelectric device may not produce an output signal. 
That is, if a device having the possibility to generate 
a pinch-off state is used in aflame sensor or an intru- 
sion detector, when the ambient temperature 
changes rapidly due to, for example, a storm or adhe- 
sion of moisture, the. device may not output an accu- 
rate fire signal or a signal of preventing a crime. 

Thus, a reduction in the resistance of the gate re- 
sistor 3 is effective not only to improve the frequency 
characteristics but also to cope with pinch-off or to 
stabilize a signal. 



Claims 

1 . A pyroelectric device for a fire detection, compris- 
ing: 

a pyroelectric member for detecting in- 
frared radiation; 

a transistor whose gate electrode is con- 
nected to one of terminals of said pyroelectric 
member; 

a drain terminal connected to a drain elec- 
trode of said transistor; 



a source terminal connected to a source 
electrode of said transistor; 

a grounding terminal connected to the 
other terminal of said pyroelectric member; and 
5 a gate resistor connected between the ter- 

minals of said pyroelectric member, said gate re- 
sistor having a resistance ranging from 5 to 50 
giga ohms. 

10 2. A pyroelectric device according to claim 1 where- 
in said pyroelectric member is made of polyviny- ' 
lidene fluoride. 

3. A pyroelectric device according to claim 1 where- 
15 in said transistor is a field-effect transistor. 

4. A pyroelectric device according to claim 1 further 
comprising a voltage-stabilizing capacitor con- 
nected to said drain terminal and said grounding 

20 terminal and having a capacitance of about 1 0 pF. 

5. A pyroelectric device according to claim 1 further 
comprising a noise-cutting capacitor connected 
between said source terminal and said grounding 

25 terminal and having a capacitance of about 10 pF. 

6. A pyroelectric device for an intrusion detection, 
comprising: 

a pyroelectric member for detecting in- 
30 frared radiation; 

a transistor whose gate electrode is con- 
nected to one of terminals of said pyroelectric 
member; 

a drain terminal connected to a drain elec- 
35 trade of said transistor; 

a source terminal connected to a source 
electrode of said transistor; 

a grounding terminal connected to the 
other terminal of said pyroelectric member, and 
40 a gate resistor connected between the ter- 

minals of said pyroelectric member, said gate re- 
sistor having a resistance equal to or less than 30 
giga ohms. 

45 7. A pyroelectric device according to claim 6 where- 
in said pyroelectric member is made of polyviny- 
lidene fluoride. 

8. A pyroelectric device according to claim 6 where- 
50 In said transistor Is a field-effect transistor. 

9. A pyroelectric device according to claim 6 further 
comprising a voltage-stabilizing capacitor con- 
nected *o said drain terminal and said grounding 

55 terminal and having a capacitance of about 1 0 pF. 

10. A pyroelectric device according to claim 6 further 
comprising a noise-cutting capacitor connected 

4 
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between said source terminal and said grounding 
terminal and having a capacitance of about 10 pF. 
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FIG . 4 
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